Summary
10
This could be the case of some Spanish landraces, which persisted under cultivation longer than in
11
other Western European regions. The best example is cultivar Albacete, a selection from a landrace 12 made around 1955, which continues to be popular in some regions of Spain due to its reliability. In the 4 winter and spring) averages (Table 1) .
5
Each trial occupied a large area (0.7 ha). Therefore, soil heterogeneity was a concern. To minimize its 6 effect, the trials were subdivided in four sub-trials at each location. Each sub-trial included 44 SBCC 7 accessions plus the 10 modern check cultivars, for a total of 54 accessions per sub-trial. One check 8 was sown twice to fill up the last sub-trial. The allocation of genotypes to sub-trials was done in a 9 stratified manner, keeping the original proportions of the groups (six-row lines, two-row lines, old 10 cultivars), and also maintaining a balance of geographic origins between the four sub-sets.
11
The experimental design for each sub-trial was an alpha-lattice, with 3 replications. Therefore, the ten 12 modern cultivars were replicated 12 times, 3 at each sub-trial, whereas the rest of the accessions were 13 replicated three times. Incomplete blocks were arranged in two directions, row (k=9) and column where these traits were recorded is provided in Table S1 .
10
Statistical analyses
11
Each sub-trial was analyzed following the alpha-lattice design, using the procedure proc mixed of SAS 12 (1988 
9
Responses of groups of genotypes
10
There were noticeable differences between landraces and cultivars for all traits (Fig. 1) low productivity trials were cultivars, and the first 9 were landraces. There were differences among the landrace groups as well (Table 2) , with accessions from G4 showing a clear advantage over the other 1 landrace groups at low yielding sites (Table S3 ). In these trials G4 and G3 actually performed on 2 average as well as the best groups of cultivars.
3
Landraces were, overall, later flowering than cultivars, with an average delay ranging from 2.3 to 5.8 4 days among trials (Table S4) . Ranges of flowering dates were larger for landraces (between 17.5 and 5 26.0 days) than for cultivars (between 9.7 and 19.0 days, Table S4 ). The most frequent flowering date 6 for cultivars was around April 24-26, whereas for the landraces the mode was on April 28 th ( Fig. 1 ).
7
Plant height was another trait in which landrace lines and cultivars presented striking differences.
8
Most cultivars were very short, below 64 cm, whereas all landraces surpassed this height, with a mode 9 around 83 cm, with the exception of G2 lines, which were shorter (Table S4 ). The pattern for lodging 10 was similar to plant height, most cultivars being lodging resistant, whereas most landraces were prone 11 to lodging.
12
Regarding yield components, the number of spikes and the number of kernels per square meter were 13 larger for cultivars, though these traits were calculated only for one location. The two groups of two-14 row materials (G2 and G6) presented higher number of spikes per area than the rest. Number of 15 kernels per spike was larger for landrace lines, but this was expected as 93% of them are six-row,
16
whereas only 46% of cultivars are six-row. Test weight was larger for cultivars than for landraces, but 17 thousand kernel weight was superior for landraces overall, particularly for groups G3 and G4, which and FOR03, and due to PM at BEL02 and SAD02. There seems to be ample diversity for powdery 1 mildew and leaf rust resistance in landrace lines, and less for the reaction to net blotch (Table 2) .
2
Regarding quality traits, grain size parameters (SCR, KP) for the landrace lines were comparable to 3 the results of cultivars. Differences in malt extract and grain protein were almost non-existent, 4 probably due to low replication of these measurements, and are just a rough indication of the malting 5
quality potential of the genotypes tested.
6
Joint analysis for grain yield 7
The analysis of variance for grain yield revealed large differences between genotypes, and also a 8 significant GEI. For both the principal effect (genotype) and the GEI, the mean squares between 9 groups were much larger than within groups. Furthermore, when the GEI between groups was broken 10 down, it was evident that the larger share of this interaction was contributed by the comparison of high 11 vs. low productivity trials (Table 3) .
12
The AMMI analysis for grain yield suggested some trends in the GEI (Figs.2 and S1 ). The first three 13 axes were significant, explaining 48.0%, 28.0% and 15.5% of the sum of squares of the GEI, 14 respectively (Table 3) . Actually, the third axis may represent mostly noise, as we could expect a 15 maximum of 81% of the GEI sums of squares due to pattern, as estimated by the method proposed by 16 Gauch (1992) . Therefore, the AMMI2 model is more parsimonious, and will be kept for further 
21
The first axis indicated a contrast between trials BEL02 and ART04 on one side, and VLD02 and 22 VLD03 on the other. The second axis was driven mostly by the contrast between SAD03 and FOR03 23 vs VLD02 and ART04. The separation between most cultivars (particularly those belonging to G5 and 24 G7) and the landraces indicated different GE responses. Most cultivars had negative scores on both 25 axes, whereas the landraces were distributed over the other three quadrants of the plot, although some 26 were placed close to the origin, meaning that their GEI was minimal. There were differences between groups of landraces as well. Almost all accessions from G3 had positive scores on the first axis. The 1 accessions from the other 3 landrace groups were more scattered, but it is remarkable that, almost 2 exclusively, accessions from G4 were found in the second quadrant. Therefore, there were apparent 3 differential adaptations between cultivars and landraces, but also among landrace groups.
4
The genotypic covariate with largest positive correlations with the first axis was the reaction to 5 powdery mildew, followed by plant height, lodging, leaf rust and heading time. Test weight, on the 6 other hand, showed a strong negative correlation with the first axis. This axis also was significantly 7 (and positively) correlated with maximum temperatures and evapotranspiration in the fall. We can 8 speculate that good growing conditions during vegetative growth promoted plant development (higher 9 plant height and lodging) at VLD02 and VLD03, but also favoured the development of diseases,
10
particularly for the accessions with positive scores on the first axis, mostly landraces from all groups.
11
The landraces and cultivars with negative scores on the first axis probably combined smaller size with 12 some tolerance to diseases. The fact that no landrace had sizeable negative scores on both axes means 
19
In general, the cultivars showed relatively better performance at the higher yielding sites, except 20 VED03, whereas G3 accessions showed an opposite pattern. The cultivars, in general, did not present 21 a relatively good performance at the lowest yielding trials (SAD02, FOR93, SAD03, VLD03),
22
whereas some landraces from groups G1, G2 and G3 had better relative adaptation at these trials.
23
The results of the factorial regression pointed at several genotypic and environmental covariates as 24 related to the GEI of grain yield. Actually, the mean squares of the interaction terms including some of 25 these covariates were remarkably larger (Table 3) 
14
On the other hand, the earliest heading time observed in landraces and cultivars was the same,
15
suggesting that there is a minimum safety threshold to achieve heading, after the period of high risk of 16 late frosts is over.
17
The landraces, in general, presented worse agronomic ability than cultivars. However, they also 1994; Ceccarelli and Grando, 1989, 1996) . These studies, however, focused mostly on field trials with are representative of a higher productivity level, between 1.7 and 2.4 t ha -1 (Table S4) 2008). Therefore, the best Spanish landraces represent useful resources for breeders to mine for traits 10 useful for drought tolerance, particularly at moderate yielding levels.
11
The landrace lines were not homogeneous agronomically. Actually, the groups of landraces made 
24
There were significant differences between accessions for grain yield, and also a large GEI term. In 25 both cases, a large part of both terms was due to the differences between genotypic groups, 26 particularly landraces and cultivars, although the differences within groups were still significant. (Fig. 2) . All but one of the accessions from G3 had positive loadings in axis 1, same as 20 VLD02 and VLD03. G4 accessions were actually more spread over the first axis, but many were on 21 the same (negative) side as ART04 and BEL02.
22
Among all groups of genotypes studied, the best accessions from group G4 offer the highest potential 23 to contribute favourable traits for grain yield and disease resistance. These lines, though later heading 24 than cultivars, were the earliest landrace group and also showed the best scores for leaf rust and 
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An inventory of models. (column "grain yield overall"), and over high productivity trials (column "grain yield -high") 3 and low productivity trials (column "grain yield -low"). 
